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[if** i ] 

fH L 7 9 - V >M^#o 

[If** 2] 

HiTiB? 9- UVfl^**, Cn(n=60~84)t?&& i t ZftWlt -f &»** 1 ^lEmoi*]^? 7 
[if** 3] 

«riB*»lfcteK#3Ja±<0]*f-5& f . F, 0. CU 4 fcttN-e*a t fc *#mfc1-*lt** 1 
[■1**4] 

ffffi'/n h >J»*tt«>at^ -OH, -OSO3H. -C00H, -SOaH. £Z>\ -0P0(0H) 2 O^J: 

*Lfe3fe-e*s £ t if** 1 t&s 3 wirnm* 1 ss5*ortft7?-i/v»* 

[if** 5 ] 

If **17iM 4 ©v^ft* 1*IB<W>P*S,"7 9 -l^ 5> 7"n h WS^o 
[If** 6] 

If** 1 4 1 *|BiR<S>I*I'&7 9- W VfMM*:*^*»afe*r^LT5:v»C» 

[»**7] 

[If** 8 ] 

[if** 9] 

1frlB«*CBrttK** 1 JaT?)JI^^ Cs. Rb. K, Ba, Na, Sr. Ca, * fcliLi"?** £ £ * 

mwtti- &m$zM7 isms (o^-ftifr imzM<v7v v 

[If** 1 0 ] 

»** 7^9 <ov»i*K*» 1 *fSffc«>I*I'&'7 9- l^v*^fli*^LtSvn:i^L^ 

[St** 1 1 ] 

*R*MWIfcN lf**5;frMl 0OV>-ftL^l*iB«tOyn h >{5S#«r^-trm«l®mt. 

[if ** 12] 

[If** 1 3 ] 

st-r t-e-* £ » 1 1- & -r £ £ #m ^ -r * if ** 1 1 ib*o h fti^wn. 

[If** 14] 

«riB^k**'fb^»5& , > * j-^-q^^z. t £#$cti-£if ** 1 1 tmvmfcmfr^m 

[fH^jg 15] 
[if** 16] 
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Cs^ K, Ba. Na> Sr. Ca, t tz\±U%ft&LtzCn(n=60~~S4)frb%2>ft&7 7 - U> 

7 - ^ > k Sr#»n t © mm&jB zmr, mm « ta 7 7 - > ^ z mfc-t & mrnw. 

jl^^-^ 18] 

1 9 ] 

itrM^-m^^TK^T'^*^ t affile 1 8ffi«<o*"^tft*nSo 

2 0 ] 

2 1 ] 
[W*3I2 2] 
[»^ 2 3 ] 

HffiBffl'jjt**^* #x * ^ - *-c* & i t * #m -r s mm 1 8 

[Iff 2 41 
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[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] 

[^F^m 1 1 J&RJ2002-216803 
WMfcfc*^] #882002-193861 

[^#MH SUWB^-f 13 8 ri^i^t^r^J p. 31 

teNBMRvfcltt 2 1 Paul R.Birkett et al., Nature 1992,357,479 
[0 0 0 4] 

*fi L 9^-^«'ftOJt.^;l'^-ft*&^i: ^mffli&m^fi 
[0 0 0 5] 

[0 0 0 6] 

V^mSfr^feft&^n h>fe##*»W1"**:*«>iaT**o (a){±. fcfcxJf, 601® 
^»«i:^LfcC6o^t, h ^fllSfi&Sfefc LT, tztz.lt, <MXft¥ 
ffeM^tzyy-vymmfcxlb*), «±> 77-v>^f-liRt?^tsi^tts 0 
(b)Ji. (a) fc*"^ a > >«5*# (*#KR) Xh&o 

if i) 

[0 0 0 7] 

EI 8 (a)^;S(d){i. I 7 i:itt*« 7 7 - 1' i 4 T'n h >&B*MW-$-2> 
fz*b<omxlbZ> 0 H8C*v>t, *B*MB«l*±, 7^ - K t * 7 - K©Ht:HfilSI*iet 

(Dtztb, TJ- Y%<D-fu y >iiffi^ s iiUnL, * V - KfflOT"n F yiKWtifc* 
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[0 0 0 8] 

0 9(a), (b)(4, tt#©^79-U>«:^D h vilttlfetl^lftBItt*^^ 

14, H9 K£v>-Ci4, -Ztr^^tLTV^^ *fltfl5^tt, tztklf, -N0 2 , -CN, -F, -CO 
0R& Wffl v> ib ft & o (ifmifciifc 1 ) 
[0 0 0 9] 

©«flffcJ:*3l#*S»t*fcie>. 7'nb>'©#ttjS* , +^*<4?>f, *<D?zit>, 7° 
o h < * <b * v> t PQfl^sb o fCo 

[0 0 10] 

^,U79- V>£7n h >mM&&~e4t¥&MLity?-l'Z'&mfc. **VM4, m^i 
[HW8&*] 

[0011] 

Tr§, SSSI«7n h WSaf £tf*[S]±-r 4 » 
[0 0 12] 

* fc, m^ttjw i \>xr<nm=f- ^^L/;77-u>*t>^477-v t± 

*!>, HSflW^nhvfiWlPiitJo tot, *»W«>7?-1' 
[0 0 13] 

* v - kmek -ett-r^ii l£ 7/- k«« t * v - KrawossiHt 
-r * £ t \,z «t «j , ffAWkmwfty,* t mmtitw* # < & , ^as^fiv* t wa^ta** $ 

< tfrh, **W«7n h >fi5##*» & 4 ^IftftlS^lSffl'ra £ 

TOK&£o ftftiWftojy^ t LTte, **fclR&1\ 
ttftj-f ^ £ £ * f TOT* -2> o 
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10 0 14] 
10 0 15] 

(i) ^y ^i.^^^j&TK^^^ffl-ci^o *^fi> ^y^Aiwi# N ^to^tt 

[0 0 16] 
[0 0 17] 

■c, tit kit, 7)\'j]')&m^&&Kz*n%\.tzQ*<><DttMm.*7F-?m'eib ] o> ttttoc 

fcNa**Ao fcgB-S-CfE^-r * i 1 So 77-1/ 1 J^T^ir? 
[0 0 18] 

g|3(b){i> Nafl^7 5 - 1/ v CIS i o ^ tlt^ ^ ^ S lUSlf* 5 0 itz. m 
4 (a)7!^M(d)^i^ =*3&9J«>Nart'§L7 9- * b 2> MX $> 

- KHJO^n b ^itS^iiinL. iJ V- KflO^^n b Kifci:: i£ 

T y _ Ks6»e»* V- K^©7n b ><7>#i&a*jg§ £<> W,mm**&Wj-f&7v b F*3 
^7 7-vv^ll±^lfi:#itS^ ^ n 1* > t y y - u ym^M^^ltf^M 

[Hi&fll] 
[0 0 19] 
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^mfi?®M4=Sr. ^?l@£##2 try- KjM3^&&ry- Km@> S-tf, 
K3t£H£6 fc*y- KftMSt 5 * e> & * * v - KliKi $<b£^ -b/N-ix-^i 

[0 0 2 0] 

T J - KffiJ : 2H 2 -> 4H + + 4e" 

* V - Kflfl : 4H + + 0 2 + 4e" -> 2H2O 

T y_ Kflj-cH&Lfcy'n h y»i, h yfe»ttO«»RJR«rao-r*y - KHJK^ttl 

u raster y - Kffl-c-n&Lfcm^t^ ^»oia»*iioT*v-KiBn*tL*o 

[0 0 2 1] 

j&*lJftT©IK*\ «x.lf> Cs> Rb> K, Ba, Sr. Ca, £fcttLifcl*J'SLL;fcl*J'&7:7-V'> 
icowTfc, Nart-aoi^fcra^tw^ hyfcgK;&*ft±1-*fcv^ £*l&o 
77-I/^i:ILtk CeoKRfcl*. -ftll<7)7 7- V y55- J f-Cn(n=70~84) 

[0 0 2 2] 

0 5 (a)S.^(b)(i. ^^<^m^14S^3 fll±©^^^t & py*:?' 

©BIT?**,, (a)MU W&Rtefl^SJeUiOli^k LT, fckx.Hr, F^rt'&L/cCeo £ 2 

1*1-61 **LTV» 4 o «£-b, n-CSEL^CeoO + KeA-C^L^F^AofcE-^-caEwrftC 
„ frSUil^fcSFWU «jWWtK* , **v»0-C, -0HO7jc*^ : 7-^'bm : f- : S:*v^ 

[0 0 2 3] 

(a)^M(d)tt, *$km<D-7u Y <fc *> ftSHfcHS tfcFI*lft7 7- V y X Z> ~f 

u h yfcS£RW1"&fca&oia-e&*o m6K£v>-c, Mltfeii, ry-Kfcfcv-K 

ia^nb yn^-ffcU *y-K«-eii, itA { 7n h y t^LTTM^ftl-a fc v> 
?aE£**ilfr$-<&o *:<Dtz£>. 77- KHJoyn h yiiK^iftraL, *V-W7 , nb 

ittfc^i&Ty- K*»fe*y- K^07*n h>(DM^^„ 

[0 0 2 4] 

& G *y-KKfiv>77-V>HS^f)7'nb>^S$ii> 7n h y £^fc>*i*:y 7 
-l/VSS^Ii« iS»t479-l'V»i^?)7 , n f 77-K 

y- KIBO^oyn h yo^Kn&s&C&o h y fc&t? U 7 p n F 
W}*mfZ>nM$ilt, y v-vy<^||£04't'^C2 s i6^tL-rv>^<o-c, 7dFVI;MU 

fJ^77-l/7*7n b yj!ltt^^fc4M8HWbfe7 9-uy»*#^J:*«j||ftJR 
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[0 0 2 5] 

L/c 7 7-V <t * 7° h >fc#l*tf>*#0l Fft&Ceo (OH) 2 * 

n h >#Mi14&fcov>Ttt, -OHfcffifc-f, -OH, -OSO3H, -C00H, -SO3H, &lh\ -OPO(OH) 
[0 0 2 6] 

(^Bjo^n h >mm^<om=mMm) 

ti £ fc^n b '/©fii^i: otliff i Lv>, Hl0(a)li, >^<bfc 

TO77-l/>l«»^^7"n h ><5|i#Mt4fc^@t*So 
[0 0 2 7] 

^^ittlO^tT, Ar 1 -(CH 2 )n-Ar 2 

(fit, nttO~53&»e>«tftL&SI«fC*i3, Ar l 2SLW r Ar a li5:v^W— L < tt. fl£& 

7 - v >gNg#*&J£-r So (^trafc 2 ) 

[0 0 2 8] 

S :7*n h J"fiS*tf:fcJfc'«, ^vM^^^ft^"^ 0 > >fe##ti, 77 

^> o 

[0 0 2 9] 

CH* + 2H2O -> CO2 + 4H2 
[0 0 3 0] 

HIl l(b)ti, e)tg> ^7 - ;H©@TO?lMli^l^*^ta^»© 
CH3OH + H2O -> CO2 + 3H2 
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£j6> > ^-^fcifi&M-i: LT^a^ V* Y * 9 S - frMM&Mfe (DMFC) ©H 

V ; - KflJ : CH3OH + H 2 0 -> CO2 + 6H + + 6e" 
* V - KHI : O2 + 4H* + 4e" -> 2H2O 
[0 0 3 21 

flirt** *HW©^n h >fe*flt^?>*&«fSIKIII«:V^^^S:^«-«ffeC'ttffl 
[0 0 3 3] 

[0 0 3 4] 

^MMi^o^^^^mt^^-r^tzifxD^t, 7? x-?mKy ? - is > imx-f % 

<n-?<7 Xv*03gjaE#«»i, b 1 3 iTJVTJV^O^ffl^--'/^ 1 4 fc 

3ft»e>flliS**fCv>*o 3R»*-"^^l 4 rt> ib rt^*jflK : ?--e*sy/i'* , ;&« 

fc, »»lli:J:oT7 , 5X7!i»4*ti. 4iL/:7"7Xv|iSl3-fJV 1 2i:i0» 

(B=2~7kG) ci&oTjtassi lrtoiii^isjtc^c^^^ b 

7*1/- h 1 3^fbit««l 7 ^l^^o-cattt^^^X-raEtftSo 7 7-1/VJiAt 

- v x-?m~ % t „ m^ajfr&a**^ v>ceo 1*^7X71*1^^ 

Na -> Na + + e" 
C60 + e" -> C6o~ 

©RISK* 9, 7°7X-7llt T/I/*'^*^*'/, 77-l'VS^>, £U\ »S 

■7y-vy%<<*y niRS&m rt** * < * «9 , •) < * 0 , ii»IMfc± 

f*i-£ y 7 - v > tm^i- & o 

[0 0 3 5] 

77- Vy\zn&fe&BtiP3&>±.<OWfrt IT, 7 7*t^t?>^77- 

igu cf 3 \ r%¥<D4*y*W,^frb%%y'7X^*&^^&^ffifc^^7X~?i5 
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[0 0 3 6] 

^L^7 p 9X-7lim^3^;V2 2 i:i 0»J**n.fc*— «» (B=2~7kG) Ki& 
7V v KtSCi 9iniS3*LfcW^*il0eV]a±©i*>>'^-*J*^ 
[0 0 3 7] 

tj±. ^#1^5:^2 t##eLTtfofc 0 7-;trt^77-n'fcli4iaMRi t t , t 

RISS-ST, im77-W^U: 0 #?)li^W7-V^o-*7^nD 
^^Hf >^^>f ^BM»jKfcLTAlCl3**tnUfc>PStt**«E«t». £ifiT-C*BMM& (NaO 
H) tRBZitX, F @C8o(OH)2*^U^o 
[0 0 3 8] 

®l 6te, W^'J7A 'J - ^ f f ? ^ - ©i^^liWt 5 ^fto^n 7 *l£J-e<& 
£ 0 *lftSc*"^***S«l 0 5 11, Ef 1 0 2, ^7"1 0 3 ^Ltn-^'J-# 
0 6C»«StLTV^o 0 5tn-^'J-*^l 0 6 ©HlfcKIILfc 

SEf^", 'J -^7*4 9 — 1 0 l**7 9>"^4iftcj: ij H56$tLTV»* 0 'J-^^r 
n-101li, 0 8, jfc^ftl 0 7, R*#*rM*&»*3*t-CV**o 

«*7>*f^Mii> 4 * 1 0 9 . frtfxm 110, ^yaV^-llK iite^ 1 1 

2, mmi 1 3*«?iitv^ 0 ®S7>w^*ti> ^u«7A*f»tKa^ttK*w«ne 
s-#o^m#-c**o x^ti 0 5ow*6, ^y <7A7/*£PK#ftu\ y-^n^f 

[0 0 3 9] 

**930 b >&mfc* TS- mm t it V - KIMeHEK £ «9 Jfcy^rtfSMil 77 
[0 0 4 0] 

> * V- KJSMSE5 6tMfc*. *4>*W::#?L@3fc*Hfc5 3 , 5 7 * IBIS L fc«Jf 

R*, R^fCtCEttio SilWfiftt, 77-KM5 4, Xt^ 

#?LR3t##5 3# ? li&feW?>-*<^nS&5 lCfSli, 77 V- KJJMSE5 6> #?LK^## 
5 7**fltr!Blff*>4 9— #©WD*&5 2 K|fi]< i^tCiBffi-r^o #-?LK3d##5 7^iH<7)§| 

&&<D : &tfit1r2>c\kil)*»sm~(:$>2>o T J - VMM 5 4 , * V- K»«5 6 »3 
ol}\ ^JteflttWaWKBHRLfcT^- KflB»5 8, 7J V- KE» 5 9 *3I § ttJ-t 0 #SB 

[0 0 4 1] 
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Eft 5 8. 5 9 0W©fiftttli*#v»o — 7k^#*ri*#?LK3:*iH£5 3i:ftl&Sii4 
*^f-««fKR5 5»cft«&$tLa^n h ^o»[3&*iiiiL*<OT?. @E$15 8. 5 9<OfflO 

[0 0 4 2] 

^oT, *Hi©yn h § i 1 1: i 7Kfg#*?>&ffi*f&tT?fc<> >* 

^) o 

[0 0 4 3] 

&o 6 lttn«ro*3»KBB«$tL-Cv^o ^-bVt-hUSit^iil 

K^^-TSo HI 1 3 (b)-Cti, ^ilStrtn/Sf Ltv»4#, TVffrm^rWSl: 
[0 0 4 4] 

[0 0 4 5] 

[0 0 4 6] 

[0 0 4 7] 

mi 4(b)ti. tfx&&<Dv-?&&\,z*&w<otfAfcto&*fcmLtz$mm*uw-? 

[0 0 4 8] 

**5!r^*ffiv>7ty-^iftactt. fi£3te8re**^y *A#;*£fflv>fcy -^tfta&fcjfc-s 
(2) ajtiyftiftRi^Jiiws-e* * . <M8U «-c*iflmc«*L, ^eflfifty- 

T y - *@#r y n - :/#J*ifttttf S^ittr** < , K^2SMF*lSB :/n - 
[0 0 4 9] 

mi 5(a). (b)ii, %&mw<nv-*&&ii&<nmm*nwirziz*><r>m-?ibz><> mi 

5(a)Ji, yn-yjy^i!fc#»tftC«I:*y-^«**KWi-*ia-e*f)> 015(b)li, I*l 
[0 0 5 0] 
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-7u--7JfAifcftlt&x~te. 0 1 5 (a)K^-f X -5 ^awti, fcJC^jg 

^K^*4irfl!)ttSl5fe*«8 1 fcn-^y-#>^8 3 KJ:0»«t4o MJ^®8 1 
in-^'J -#>78 3 *8»t4Ef 8 2 7 7>y*8 4 S-^LT^«8 5 £ 
a^-t<i>o ^n-y^^tHf 8 6 K £ »K fl^f 8 l^SlCj&o-C^D--/ 

%JSLTHWSi-*o *»!j£M8 1 fc';-*****ur, ;«r*lfcfcl#8 5fc*5V>T, 

o 

[0 0 5 1 ] 

F»3£Ei*-e«\ HI 5 (b)tc^-T X i ti^it8 8 fc^n- a zkijffc # 
txif**WMB 7^<b«-r-2>o ti^HI8 8i:'J-^WW^ ti^I8 8©W 
#»*U6<&-l\ #*fcfcli8 9 KJ: 0 'J-*©^ft*#:bj&»!K RNfC V - 

[0 0 5 2] 

[m®offim^ra] 

[0 0 5 3 ] 

[0 1 ] S#*^S«»«-*?&^#-fe^*it«:*-t«*«H-e*&o 

[0 2 ] tK* tt^S o HfrSSfl-'f-ffl^fl-**^**** * ra-t & £ * HI * £ 0 

[0 3] (aJXtfCWtt, ^^om^14JS^l^TO^^F f 3'ai-*l*I'a7 9- V 

[04] (a)M(d)li, ^H^^m^ttffi^l^Tom^«rF«g^,-r*l^ j a.7^-W 

[0 5] (a)^.O f (b)t±, ^S&^WftBfteJftjFS JBLhOlK^ 9- V 

[06] (a)75M(d)»i, ^l§^om^14E7& ? 3 JeUiOlSt^* 1*3 <y - V 

[0 7] (a)2tO f (b)t±^ »^77-l/>«-yn h >«H*tt*-C-ffc*IMIft*:7 
9-v^fta$#^<b&£7 p n b :/<5i»#*KiB-*'3fcie><00"C*S«. 
[08] (a)75M(d)fi> ^M©75- V>£7n h >Mffin&-?fc¥&mLt:7 

[010] (a)M\ 3jc|&Wom^14^1 £lT^*^t4^7 7- 
#*»W"r*fei6WH"e**o (b)tt> *l&MO«H»ttjS**3JSLJi01g : f L *r|*|'gLi- 

[0i i] < a )#s(c)tt, zti^ti, &m*&>M, v4v?y 

[012] (a)»±, ^fi!lim^l7 p 9X-7^6O|*l'g.-7 7-V>^^fi<7)®fM0-C*)l) 
„ (b){i, lSMH$7'5X-7^0^7 7- V^$!i3t^|®O»fW0t?*>* o 
[013] (a)»4, *l&^O7y^^^7y^^gi5^^tt'&»fM0-C l *'5.o (b)> (c 
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[111 6] tt*OAiJ^A'J-^f-f r^^-«^?lt^»O^^0t 

<fe & o 

[0 0 5 4] 

1, 7 -feA«V-* 

2, 6 #?LKX## 

3 t j — vmm 
4 

5 ij V— 

11.21 1*^-79- W^itiSEffi 

12.22 m»3^f*' 

13 h 

14 rt-am^iKUfflsJ--^^ 

1 5, 2 5 79-V'/#ffflt-^> 

16.26 W#*fflP3« 

17.27 mm&m 

1 8, 1 9, 2 8, 2 9 M&tf>7 

2 3 rt'S.JI^^^SAf 

2 4 MttVHIa^^ 

3 0 /'J? KWE 

5 1 **^^m?L 

5 2 £&#*&?L 

53,57 ^nm^nw 

5 4 ~7 J — vtm 

5 5 ^^S^KM 
5 6 * V - KftMSE 
5 8 T J - KHB* 

5 9 * V - KBB» 

6 0, 6 4 

6 1,66 syx^ffi 

6 2, 6 7 

6 3, 6 8 mfc* 

6 5 7 7>y 

7 1 ft£&1E 

72, 74 'J-7f^fH- 

7 3 

8 1,88 H£3£S (tt*«B^) 

8 2 m%mwm 

8 3 X^^T* 
8 4 7 7>^ 

85, 89 'J-^f-ff^^- 
8 6 7*n-y^^i#(Jif 
8 7 T'n-T'^fliijS&iSlf 
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